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VASCULAR EPIPHYTES IN DRY OAK FORESTS SHOW
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resistencia a la alteracion humana, Cordillera Oriental, Colombia
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ABSTRACT

We compared the richness and biomass of vascular epiphytes in six seasonally semi-
deciduous oak (Quercus humboldtii) forest fragments of varying structure, using the
SVERA protocol. Bromeliads dominated epiphytic vegetation in terms of richness,
10 out of a total of 17 species, and biomass (98%), but overall epiphyte community
development was poor in comparison with neotropical wet mountain forests. Epiphyte
richness and biomass was similar in all fragments, except one bottom-valley fragment,
despite large differences in anthropogenic-induced forest structure. We hypothesize
that epiphyte resilience to disturbance in these dry oak forest fragments is due to
tolerance of the local epiphyte species to desiccation, overriding micro-climatic
differences between forest fragments of different structure.

Key words. Bromeliaceae, deforestation, forest canopy, fragmentation, secondary
tropical forest, SVERA, tropical montane forest.

RESUMEN

Comparamos la riqueza y la biomasa de epifitas vasculares en seis fragmentos de
bosques estacionales semi-caducifolio de roble (Quercus humboldtii) con diferente
estructura, utilizando el protocolo de SVERA. Las bromelias dominaron la vegetacion
epifita en términos de riqueza, con 10 especies de un total de 17, y con una biomasa
del 98%, pero en general el desarrollo de la comunidad de epifitas fue pobre en
comparacion con bosques himedos neotropicales. La riqueza de epifitas y la biomasa
fue similar en todos los fragmentos, excepto en un fragmento en la parte baja de un
valle, a pesar de las grandes diferencias en la estructura de los bosques, inducidas por
efectos antropogénicos. Nuestra hipotesis es que la resiliencia de las epifitas locales
a los disturbios en estos fragmentos de robledales secos se debe a su tolerancia a la
desecacion.

Palabras clave. Bromeliaceae, deforestacion, dosel, fragmentacion, bosques
secundarios, bosque andino, SVERA.
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INTRODUCTION

For many species of plants and animals,
habitat loss and degradation represents the
greatest threat to their survival, which is not
always recognized because local extinctions
may take substantial time to take effect
(Kuussaari et al. 2009). Forest degradation
typically entails both changes in floristic
composition and in structural parameters of
the forest such as tree height, tree density and
tree basal area, accompanied by alterations
of the microclimate (Laurance 2004). In wet
tropical forests, epiphytes are particularly
vulnerable to forest degradation (Turner et
al. 1996). Similar to boreal forests, where
epiphytic lichens are used to assess forest
ecosystem quality (Liira & Sepp 2009), the
epiphyte community in tropical forests may
therefore be used to evaluate forest quality, at
least in wet areas.

In pristine wet mountain forests, epiphytes
are particularly rich in species and abundant
(Gentry & Dodson 1987, Benzing 1990),
presumably because of high annual rainfall
in combination with low seasonality (Kreft ez
al.2004). On aregional scale, wet neotropical
mountain forests typically contain over 200
and up to 627 (Bussmann 2001) species of
epiphytes, reviewed by Wolf and Flamenco-
S. (2003). Locally, it is not uncommon to
find more than 50 species on just a few
host trees, contributing up to more than
half of total vascular plant species richness
(Kelly et al. 1994)) and green biomass
(Hofstede et al. 1993). In these forests,
epiphytes play a role in the forest water
and nutrient cycles and provide food and
habitat for vertebrates, invertebrates and
microorganisms alike (Nadkarni and Matelson
1992, Zotz & Andrade 2002). In Colombia,
wet mountain oak (Quercus humboldtiri)
forests are comparably rich in epiphytes. For
example, 64 species of epiphytes were found
in mixed oak forest in the Cordillera Central
(Alzate et al. 2001) and a study on oak forests
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in the Cordillera Oriental reports 24 orchid
and bromeliad species alone (Galeano et al.
2009), suggesting that Q. humboldtii is a
suitable host tree species for epiphytes.

In wet forests that are disturbed is some way,
however, epiphytes are less prominent. Even
though epiphyte response to disturbance has
not been extensively studied, ample evidence
suggests that the dependent vegetation in wet
mountain rain forests is sensitive to habitat
changes: isolated remnant trees and secondary
forests support significantly less epiphytic
abundance, either biomass or number of
individuals, and fewer species (Hietz-Seifert
et al. 1996, Barthlott et al. 2001, Kromer &
Gradstein 2003, Merwin et al. 2003, Werner
et al. 2005, Wolf 2005, Koster et al. 2009).
Particularly drought sensitive shade epiphytes
such as filmy ferns are amongst the first to
disappear from the forest upon disturbance,
whereas more drought resistant bromeliads
may show more resilience (Wolf & Flamenco-
S. 2006).

In dry or seasonally dry forests, epiphyte
proliferation is much less pronounced
compared with wet areas (Gentry & Dodson
1987). Notwithstanding that nearly half of
the earth’s tropical and subtropical forest is
dry forest (Holdridge 1967, Murphy & Lugo
1986), epiphytes in dry forests have been
little studied. In Mexico, one study in upland
seasonally dry forest reported a mere ten
species of epiphytic bromeliads on 63 trees
sampled (Reyes-Garcia et al. 2008). The only
epiphyte study known to us in dry Andean
forests (Ecuador) reported only five bromeliad
species and three species of fern (Werner &
Gradstein 2009).

With respect to the response of dry-forest
epiphytes to anthropogenic disturbance it is
still unknown whether dry forest epiphytes
are equally susceptible as their wet forest
counterparts. Possibly, epiphytes are no
good indicators of disturbance in dry forests



since it has been suggested that dry forest
epiphytes are comparatively disturbance
resilient (Werner & Gradstein 2009). To obtain
more insight in the behavior of epiphytes in
dry forests is important not only because
of the large extension of the latter but also
because dry forests are especially vulnerable
to disturbance (Murphy & Lugo 1995).
According to these authors, the development
of management strategies for dry forest
ecosystems is therefore of the highest priority.
If dry forest epiphytes may help to detect
disturbance early, appropriate management
measures may be taken to avoid further
deteriorating of the forest.

In this study, we assess the response of
epiphytes to anthropogenic disturbance in
a dry semi-deciduous Q. humboldtii forests
in Colombia. Q. humboldtii forests are
vulnerable to over-exploitation and forest
fragmentation because of the considerable
economic value of oak trees (Cardenas-L. &
Salinas 2007).
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METHODS

Study Area. The study was carried out in
the Macanal Reserve (2100 to 2700 m a.s.l.),
from hereon called Macanal, approximate-
ly 30 km northwest of the capital Bogota
(Figure 1). Climate data from Acapulco
weather station, situated at less than 500 m
from Macanal, shows that average annual
temperature is ca. 13 °C, with little seasonal
variation. In contrast, rainfall is bimodal with
a first minor dry period from December until
March and a second major dry period from
June until September when average monthly
rainfall is less than 30 mm (Figure 2). Even
during wet periods, average monthly rainfall
is less than 100 mm; annual precipitation
is 738 mm, on average. The corresponding
forest type may be classified as montane dry
forest, following Holdridge (1967). General
water shortage is indicated by the estimated
annual potential evapotranspiration ratio,
which is above 1.0.

Figure 1. Delimitation of the Macanal Reserve and location of the sampled sites.
1 = Plataformas, 2 = Cueva del Oso, 3 = Sendero Alto, 4 = El Encanto, 5 = La Corraleja, 6

= Roble Caido.
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Figure 2. Average monthly precipitation (1990 - 2002) at Acapulco wheather station, near

Macanal Reserve.

The forest is dominated by oak (Q.
humboldtii) trees with an average canopy
height of 25 m. In Colombia, oak forests are
widely distributed, covering an altitudinal
range from 1100 - 3450 m a.s.l. and occurring
both in wet and dry areas like Macanal. In
wet areas, oak forests are usually mixed
with other tree species, e.g. in the genus
Weinmannia (Lozano & Torres 1974). In
Macanal, oaks form nearly pure stands of
forest. Until the 1980’s, the logging of oaks
and livestock agriculture was intensive at
Macanal, resulting in fragments of native
oak forest, particularly on the steeper slopes,
in various states of degradation, situated in
a matrix of pastures, crops and Pinus and
Eucalyptus plantations (Figure 1).

Field Sampling. We randomly selected
six forest fragments in the Macanal area
that varied in forest structure. All selected
sites were disturbed by humans to various
degrees, evidenced by deviating tree size
frequency distributions and canopy height.
The Plataformas site was situated in a deep
valley whereas Roble Caido bordered a large
pasture outside the reserve (Figure 1). Forest
structure of each stand was assessed in a 900
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m? plot. All trees were with trunk diameter at
breast height (DBH) > 5 cm were identified,
counted and their DBH was recorded.

With respect to epiphyte sampling, we
implemented the SVERA protocol (Wolf
et al. 2009). Epiphyte sampling in SVERA
is plotless and tree-based (oaks only).
The advantage of SVERA is that epiphyte
abundance, in terms of biomass, and species
richness may be compared between forests
of different structure because differences in
the sizes of the sampled trees are controlled
for. At each site, ten large trees (DBH > 30
cm) and 25 smaller trees were sampled,
equally distributed over five DBH size
classes (5-10, 10.1-15, 15.1-20, 20.1-25,
25.1-30 cm). In addition, the height of the
tree and the number of forks with a branch
diameter > 5 cm was recorded. Larger trees
were climbed, using single-rope climbing
techniques (Mitchell ef al. 2002).

Epiphyte abundance was estimated as dry
weight, using an essentially non-destructive
sampling method that builds on the previously
determined plant size-biomass relationship
that was derived from weighing at least ten



specimens per size class. For tank bromeliads,
size explains biomass very well (Isaza &
Betancur 2009). The epiphyte biomass per
hectare was calculated from the average tree
load per tree trunk diameter class.

Analysis. Differences in epiphyte richness
and biomass were compared using ANCOVA,
with tree size as the covariate. Tree size was
estimated from the tree DBH, height and
number of forks (Tree Size = Standardized
(Height*DBH) + Standardized (Number of
forks). Sites may only be compared in a single
ANCOVA if the relationship between Tree
Size and richness (or biomass) is the same at
all sites, which may be formally tested with
an homogeneity assumption test that evaluates
the significance of the interaction between
sample site and Tree Size (for details, see
SVERA, Wolf et al. 2009).

To assess the response of species to
differences in forest structure (disturbance),
we first reduced the number of forest structure
variables using Principal Component Analysis
(PCA), thus restraining the number of control
variables and avoiding collinearity. A PCA
summarizing all forest structure variables
yielded three axes that explained 41.8%, 34.6%
and 18.7% of total variance, respectively.
Next, we entered the three PCA axes in a
canonical correspondence analysis (CCA) to
evaluate the influence of the forest structure
variables on epiphyte species composition.
In this analysis, generated ordination axes
are constrained to correlate with the entered
variables, i.e. the scores on the PCA axes.
To test if forest structure had a significant
influence on epiphyte species composition,
we performed a Monte Carlo significance test
of'the first axis. Species biomass values were
square root transformed.

Finally, we used CCA to test for spatial
dependence at the landscape level, following
(Borcard et al. 1992). The geographic
positions of the sites were used to construct
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a matrix of spatial variables that are used as
explanatory variables in the canonical analysis
(Borcard & Legendre 2004). For more details,
see SVERA and references therein (Wolf et
al. 2009). The analyses were performed using
SPSS 15.0.1.1. SpaceMaker2, and CANOCO
(ter Braak 1987, 1988).

RESULTS

Forest Structure. Whereas all forest fragments
are dominated by oak trees in terms of basal
area, the structure of the sampled forests varied
much, presumably due to historic differences
in the intensity and quality of anthropogenic
disturbances (Figure 3, Table 1). Based on
forest height, tree density and basal area,
and the trunk size frequency distribution, the
Plataformas forest is likely least disturbed.
The remaining forests are not easily arranged
on a disturbance gradient, even though the
absence of large oaks in Sendero Alto suggests
heavy selective logging in the past.

Epiphyte richness and biomass. In total,
we recorded 17 epiphytes species on the
210 sampled trees (Table 2). The epiphyte
community was dominated by Bromeliaceae,
comprising ten out of 17 species and 98.5%
of'total biomass. Ferns were represented with
6 species, such as Pleopeltis macrocarpa,
a wide-spread ecological generalist that is
often found in disturbed forests (Wolf 2005).
Of the bromeliads, Tillandsia denudata and
T. fendleri were the most common species,
contributing > 50% and > 20% to total
epiphyte biomass, respectively. Ten species
were found in at least 60% of the sites; T.
longifolia, T. ovarensis and T. pastensis
were exclusive to one site. Epiphyte biomass
varied between 22.2 and 547.8 kg per
hectare and biomass on the 35 sampled trees
between 3.0 and 87.1 kg (Table 3). Highest
species richness and biomass was found at
Plataformas, the latter due to a dominance of
two large clonal tank bromeliads, Tillandsia
denudata and T. fendleri.
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Table 1. Characteristics of the study sites. Forest height is the average of the five tallest trees
in the inventory.
Tree density corresponds to individuals with trunk DBH > 5cm. NP means not present.

Locality Plataformas RoPle Sendero La ' El Cueva
Caido  Alto  Corraleja Encanto del Oso
Altitude (m a.s.l.) 2570 2470 2550 2380 2490 2560
Forest height (m) 24.4 23 23 22 22.4 214
Basal area (BA) oaks (m*ha™) 332 47.9 8.1 26.3 17.1 18.7
BA other broad-leaved (m*ha™) 4.1 3.7 6.1 2.5 3.4 2.1
BA tree ferns (m*ha) 1.3 NP 0.7 0.17 1.9 1.5
BA total (m*ha™") 38.6 51.6 14.8 28.9 18.5 22.4
Density (D) oaks (indiv. ha™) 411 2889 1555 155.5 266.6 300.0
D other broad-leaved (indiv. ha') 477 155.5  266.6 288.9 222.2 266.6
D tree ferns (indiv. ha') 167 NP 88.9 222 188.9 144.4
D total (indiv. ha™") 1055 4444  511.1 466.6 677.7 711.0

Table 2. Epiphyte species biomass (g dry weight) on 35 oak host trees at the sites.
P: Plataformas, RC: Roble Caido, SA: Sendero Alto, LC: La Corraleja, EE: El Encanto, CO:
Cueva del Oso

Species Family P RC SA LC EE CO
Asplenium praemorsum Sw. Aspleniaceae 16.4

Terpsichore sp. Grammitidaceae 6.4 8.0 91.2

gfl,j}])] fgg(/jo}f;:f minutum (Pohl ex Lomariopsidaceae 11.0 2.0

Pleopeltis macrocarpa (Bory ex Polypodiaceae 3853 179.6 1912 2592 694 1256
Willd.) Kaulf.

Polypodium laevigatum Cav. - 61.2 348 23.2 13.3 7.3 5.8
Polypodium sessilifolium Desv. - 100.6 31.0 18.1  183.2
Tillandsia biflora Ruiz & Pav. Bromeliaceae 15353 801.7 869.9 1016.6 1692.5 1587.7
Tillandsia complanata Benth. - 2188.8 51.5 3919 763.6  474.7
Tillandsia denudata André - 40239.4 5164 5989.6 5579.2 13609.3 8746.5
Tillandsia longifolia Baker - 570.0

Tillandsia pastensis André - 1274.8

Tillandsia restrepoana André - 3588.2 173.7 521.2

Tillandsia tovarensis Mez - 411.2

Tillandsia fendleri Griseb. - 26265.1 1861.2  296.5 14889 1736.9

Vriesea fragrans (André) L.B.

. - 13933 203.3 131.6 287.0 352.8 89.7
Smith

Vriesea tequendamae (André) L.B.

. - 9627.7 3359 1699.4 1119 593.3  118.7
Smith

Peperomia hartwegiana Miq. Piperaceae 37.8 1242 18 18.0
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based on 900 m? inventories.
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Table 3. Epiphyte species richness and biomass (dry weight) at the study sites.

Locality Number Biomass Biomass
of species (35 trees) (kg per 35 trees) (kg ha")
Plataformas 14 87.1 547.8
Cueva del Oso 10 13.1 146.1
El Encanto 9 18.6 139.9
Roble Caido 10 3.0 29.1
Sendero Alto 13 11.5 22.2
La Corraleja 10 8.1 38.6

At all sites, there was a significant (P <0.001)
positive linear dependence of epiphyte
richness on tree size and also of epiphyte
biomass on tree size (Figures 4, 5). With
respect to species richness, all regression
lines ran parallel, which was formally tested
with a homogeneity assumption test (P=0.91).
Therefore it may be concluded that at all
sites the same relationship existed between
the size of the tree and epiphyte richness. A
subsequent ANCOVA with tree size variables
as covariates showed that epiphyte richness
at Plataformas was significantly higher than
at any of the other sites (P<0.001, Table
4). Between all other sites, there were no
significant differences in species richness
(P>0.01), i.e. the Y-intercept values of the
regression lines were the same.

With respect to epiphyte biomass, a similar
pattern emerged. Again, values at Plataformas
were higher than at any of the other sites
(Figure 5). It should be noted, however,
that now the slope of the regression line
for the Plataformas site was much steeper.
The deviant relationship between tree size
and biomass at Plataformas was confirmed
by the homogeneity test: in the model the
interaction between sample site and Tree Size
was significant (P<0.001). A comparative
analysis of epiphyte biomass between
the remaining sites showed that biomass
at Roble Caido was always lower than at
any of the other sites and significantly so
when compared with Cueva del Oso and El
Encanto (P<0.001, Table 4).

Table 4. Pair-wise comparisons between the sampled sites based on ANCOVA (Bonferroni-
adjusted) that controlled for Tree Size.

In the upper triangle, epiphyte species richness is compared (columns minus rows) and in
the lower triangle epiphyte biomass (rows minus columns). Given are the differences in the
adjusted means (i.e. slope elevation). Species richness and biomass (kg dry weight) were square
root transformed. Site effect on species richness, F = 26,9; P <0.001, and on epiphyte
biomass F =

16,209
26,3; P < 0.001. Note that for biomass, Plataformas was excluded because

5174
the regress[ion]coefﬁcient deviated (Figure 5).
Cueva del El Encanto La ' Sendero Roble Plataformas

Oso Corraleja Alto Caido
Cueva del Oso - 0.004 -0.199 -0.174 -0.271 0.476%**
El Encanto 3.809 - -0.203 -0.178 -0.275 0.472%%%
La Corraleja -5.718 - 9.527%%* - 0.025 -0.072 0.675%%%*
Sendero Alto -3.015 -6.824 2.703 - 0.097 0.650%%*
Roble Caido -9.266%%* - 13.073%%* -3.548 -6.251 - 0.747%%*
Plataformas Excl. Excl. Excl. Excl. Excl.

skoskok
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Tree Size = Standardized(Height*DBH) + Standardized(Number of branching points). Plataformas:
\richness =0.18(Tree Size) +2.23, 12 = 0.36, P < 0.001; El Encanto: \richness =0.17(Tree Size) + 1.77,
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Oso: Vrichness =0.15(Tree Size) + 1.77, 12 = 0.18, P < 000.1; Sendero Alto: Vrichness =0.14(Tree Size)
+1.6,12=0.34, P<0.001; Roble Caido: ‘richness =0.13(Tree Size) + 1.5, > =0.36, P < 0.001.
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Figure 5. Scatterplot illustrating the relation between Tree Size and epiphytes biomass.
Tree Size = Standardized(Height*DBH)’ + Standardized(Number of branching points). Plataformas: Vg
biomass =14.8(Tree Size) +27.7,1*=0.56, P <0.001; El Encanto: \/g biomass =5.44(Tree Size) + 16.32,
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+7.06,1>=0.58, P<0.001; Roble Caido: \/g biomass =1.82(Tree Size) + 5.5, 1> = 0.42, P <0.001.
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Species composition. The ordination analysis
(CCA) with species data and PCA derived
forest structure variables did not generate
a first ordination axis that was significantly
different from randomly generated axes
(Monte Carlo, P=0.14). In other words, we
found no evidence that disturbance related
to epiphyte species community composition.
Similarly, we found no evidence that the
position in the landscape influenced species
composition (Monte Carlo, P=0.58).

DISCUSSION

Epiphyte species richness and biomass. The
epiphyte community at the dry oak forest at
Macanal (738 mm/yr) comprised 17 species,
which makes it relatively poor in species
compared to neotropical wet mountain forests
(Wolf & Flamenco-S. 2003). For example,
in Colombia, Galeano et al. (2009) report 24
species of epiphytic orchids and bromeliads
from Cachalt reserve (3000 mm/yr), growing
on 48 oak trees, and 64 species were found on
90 trees in wet mixed oak forests (2000-4000
mm/yr) near Medellin (Alzate et al. 2001).
Macanal also contained less species than pine-
oak forests in Chiapas, Mexico, (1024 mm/yr)
where 74 species were found on 560 trees
(Wolf, 2005). The highest number of species,
98 on a single tree and 225 on 6 trees, was
recorded in a mountain rain forest of southern
Ecuador (Werner et al. 2005). Nevertheless, the
Macanal forest is not less rich than Ecuadorian
inter-Andean dry forests at Bosque Protector
Jerusalén (BPJ, 530 mm/yr) where eight species
were found (Werner & Gradstein 2009).

At Macanal, and at BPJ, notably orchids are
absent whereas in wet neotropical mountain
forests orchids often contribute most to total
epiphyte species richness (Gentry & Dodson
1987, Wolf & Flamenco-S. 2003), also in
Colombian wet mountain oak forests (Alzate
etal. 2001, Galeano et al. 2009). Despite their
absence in our inventory, some orchids were
observed in the vicinity of Macanal, which
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raises the question if orchids were gathered
from the Macanal forest as ornamental plants.
Interviewing local farmers, however, we found
no evidence for this activity. Therefore, the
absence of orchids in the dry forest at Macanal
may be indicative for the susceptibility of the
local orchid flora to desiccation.

Bromeliads dominate the epiphyte
community at Macanal. Some species, e.g.,
Tillandsia denudata and T. fendleri, are
C3 tank bromeliads that may store water
to enhance resilience to desiccation, others
are atmospheric CAM species. In terms of
species numbers, the epiphyte community
is dominated by CAM species. In terms of
biomass, however, C3 tank species dominate.
Hence, the relative proportion of CAM
bromeliads in terms of biomass is not a good
predictor of forest dryness.

Overall, epiphyte biomass is relatively low at
Macanal, ranging from 22-147 kg/ha (except
Plataformas with 548 kg/ha), compared with
values reported from wetter (1042 mm/yr)
oak forests in Chiapas, Mexico, where most
sites (10) supported > 600 kg/ha, and up to
3218 kg/ha, epiphytic biomass (Wolf, 2005).
Individual oak trees at Macanal also supported
less biomass than oaks in Chiapas, on average
0.68 (SD 0.9) kg and 2.2 (SD 1.7) kg per tree,
respectively (35 trees sampled of similar
size). Again, low rainfall in Macanal probably
accounts for low epiphyte biomass.

Disturbance. Epiphyte response to
anthropogenic disturbance could result from
a combination of dispersal limitation and
changes in the structure of the forest. Logging
reduces tree densities and may lead to isolated
forest fragments in the landscape. Both type
of changes may lead to dispersal limitation
in epiphyte populations, albeit at different
spatial scales (Wolf 2005, Cascante-Marin
et al. 2009), but see Kun et al. (2009). In
our study, all sites had a similar number of
epiphytes. Thus, at the landscape level we



found no evidence for dispersal limitation,
despite clear fragmentation of the oak forest
(Figure 1). Also, we found no evidence that
the distribution of species’ abundances in the
landscape was spatially dependent (Monte
Carlo, P=0.58). Similarly, Werner & Gradstein
(2009) found that dispersal was not a key
driver of epiphyte diversity in a disturbed dry
forest area of northern Ecuador. Possibly, the
epiphyte community is less susceptible for
dispersal limitation since dominant bromeliads
and ferns in this community produce large
number of anemochoric propagules. Also,
distance between epiphyte communities in
the study site fragments was always less than
2 km and negative autocorrelation between
epiphyte communities in Mexican oak forests
only occurred at larger (>10 km) geographic
distances (Wolf 2005).

A change in the structure of the forest may
affect its epiphytes in several ways. First,
disturbance likely reduces forest complexity
and is therefore believed to reduce the number
of suitable habitats for epiphytes, at least in wet
evergreen closed-canopy forests (Acebey et al.
2003, Benavides et al. 2006, Flores-Palacios
& Garcia-Franco 2008). Second, forest
disturbance likely brings about microclimatic
changes that will result in desiccation stress,
similar as found on isolated trees (Hietz-Seifert
et al. 1996, Werner et al. 2005).

In view of the above, it is not surprising that
in wet forests epiphyte diversity tends to be
reduced by anthropogenic disturbance (e.g.
Barthlott et al. 2001, Wolf 2005, Flores-
Palacios & Garcia-Franco 2008, Koster et
al. 2009). However, in dry forests different
rules may apply because these forests are less
complex to begin with and their species are
more tolerant to desiccation.

In our study, there are pronounced differences
in forest structural characteristics between the
six sites that are likely related to differences in
anthropogenic disturbance history (Figure 3,
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Table 1). The forest at Plataformas was least
disturbed, as evidenced by trunk diameter
frequency distributions and high tree density,
tree basal area and tree height. This forest is
situated in a small valley with steep slopes,
surrounded by forest, which probably explains
reduced logging activity in the past. Even
though no microclimatic data are available,
field observations confirm that the forest-
enclosed valley forest at Plataformas was
more humid than any of the other sites.

Low disturbance and high humidity are likely
behind the significantly higher epiphyte
richness at Plataformas (P<0.001) compared
with all the other sites (Figure 4, Table 4 top
triangle). This pattern is in agreement with
epiphyte distributions amongst disturbed wet
forests (Koster et al. 2009). Interestingly,
epiphyte richness at all remaining sites
was not significantly different (Table 4, top
triangle), despite large structural differences
(Figure 3, Table 1). Apparently, in this dry oak
forest the number of species is not affected
by anthropogenic disturbance, similar to
observations in dry inter-Andean forests
in Ecuador (Werner & Gradstein 2009).
Resilience to disturbance is also indicated
by the wide distribution of species amongst
sites: 11 out of the 14 species in the five sites
other than Plataformas were found in at least
three sites. In these dry forests, nearly all
species are bromeliads that show adaptations
to draught such as a tank-morphology, CAM,
and dense trichomes. We hypothesize that
the dry forest draught-adapted epiphytes
are resilient to disturbance because they
are tolerant to desiccation stress. Also, it is
important to realize that disturbance-induced
changes in microclimate in dry forests are
relatively minor compared to wet forests
since dry forests are more open to begin with,
especially during the dry season when trees
shed (part of) their leaves.

The forest at Plataformas was not only the
most diverse in species, but also contained
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the most epiphyte biomass (Figure 5, Table
3). Again, we presume that low disturbance
and associated high humidity are driving
forces. However, it may not be excluded
that high biomass is related to the accidental
occurrence of the two dominant bromeliad
species, Tillandsia denudata and T. fendleri
at Plataformas. Individual plants of these
clonal large tank-forming species may
attain high biomass in comparison to the
atmospheric non-tank Tillandsia’s that prevail
at the other sites. The dominance of these
species would also explain why the tree size-
epiphyte biomass relationship is different at
Plataformas.

Epiphyte biomass at Roble Caido is lower
than at any of the other sites. This site
borders a large pasture outside the reserve
and we attribute low biomass to edge effects,
increasing desiccation stress (Lovejoy et al.
1986, Broadbent et al. 2008).

In summary, our study shows that dry
forest epiphytes may be more resilient to
anthropogenic disturbance than their wet forest
counterparts. Hence, dry forest epiphytes are
little suitable to assess forest ecosystem quality.
However, some caution is in order since we can
not exclude the possibility that more vulnerable
species have already gone extinct because
we have no information about the epiphyte
community at Macanal before anthropogenic
disturbance. At present, no more logging takes
place and it will be interesting to see if epiphyte
species richness in the recuperating forest will
increase over time.
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